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BICYCLE RIM 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[(M)01] This invention generally relates to a bicycle wheel. More specifically, the 
present invention relates to a bicycle wheel that has a reinforced rim. 
Background Information 

[0002] Bicycling is becoming an increasingly more popular form of recreation as 
well as a means of transportation. Moreover, bicycling has become a very popular 
competitive sport for both amateurs and professionals. Whether the bicycle is used 
for recreation, transportation or competition, the bicycle industry is constantly 
iniproving the various components of the bicycle as well as the frame of the bicycle. 
One comporient that has been extensively redesigned is the bicycle wheel. Bicycle 
wheels are constantly being redesigned to be strong, lightweight and more 
aerodynamic in design as well as to be simple to manufacture and assemble. 
[0003] There are many different types of bicycle wheels, which are currently 
available on the market. Most bicycle wheels have a hub portion, a plurality of 
spokes and an annular riin. The hub portion is attached to a part of the frame of the 
bicycle for relative rotation. The inner ends of the spokes are coupled to the hub and 
extend outwardly from the hub. The annular rim is coupled to the outer ends of the 
spokes and has an outer portion for supporting a pneumatic tire thereon. Typically, 
the spokes of the bicycle wheel are thin metal wire spokes. The ends of the hub are 
usually provided with flanges that are used to couple the spokes to the hub. In 
particular, holes are provided in the hub flanges. The wire spokes are usually bent on 
their iimer end and provided with a flange that is formed in the shape of a nail head. 
The inner end is supported in one of the holes in one of the hub flanges. The outer 
ends of the spokes typically are provided with threads for engaging spoke nipples, 
which secure the outer ends of the wire spokes to holes in the rim. 
[0004] The above types of wheels have been designed for use with tube tires or 
tubeless tires. Typically, tubeless tire wheels have an annular seal arranged to seal the 
spoke attachment openings of the rim. Rims designed for tube tires also often have an 
annular member covering the spoke attachments. In any case, these typical types of 
wheels can be expensive and complicated to manufacture and assemble. Moreover, 
these typical wheels qre not always as strong and lightweight, as desired. 



Furthermore, with these typical wheels it can be difficult, coinplicated and/or 
expensive to replace a spoke or spokes. 

[0005] In view of the above, it will be apparent to those skilled in the art from this 

» - 

disclosure that there exists a need for an improved bicycle rim for a bicycle wheel. 
This invention addresses this need in the art as well as other needs, which will become 
apparent to those skilled in the art from this disclosure. 

SUMMARY OF THE IN VENTION 
[0006] One object of the present invention is to provide a bicycle wheel with a 
rim that is relatively strong yet relatively lightweight. 

[0007] Another object of the present invention is to provide a bicycle wheel with 
a rim that is relatively simple and inexpensive to manufacture and assemble. 
[0008] Still another Object of the present invention is to provide a niethod for 
making a rim that is relatively strong yet relatively lightweight. 
[0009] The foregoing objects can basically be attained by providing a bicycle rim 
that includes an outer annular portion, an inner annular portion, a first tubular spoke 
attachnient portion and a second tubular spoke attachment portion. The outer annular 
portion is adapted to receive a tire thereon. The outer annular portion has an outer 
spoke attachment opening. The inner annular portion is fixedly coupled with the 
outer annular portion to form an annular hollow area therebetween. The inner annular 
portion has an inner spoke attachment opening aligned with the outer spoke 
attachment opening. The first tubular spoke attachment portion is fixedly coupled to 
the outer annular portion at the outer spoke attachment opening. The second tubular 
spoke attachment portion is fixedly coupled to the inner annular portion at the inner 
spoke attachment opening. The first and second tubular spoke attachment portions 
define a spoke receiving space. At least one of the first and second tubular spoke 
attachment portions is heat fused to one of the outer and inner annular portions, 
respectively. 

[0010] The foregoing objects can also basically be attained by providing a bicycle 
wheel that comprises a rim, a plurality of spokes and a central hub. The annular rim 
includes an outer annular portion, an inner annular portion, a plurality of first tubular 
spoke attachment portions and a plurality of second tubular spoke attachment 
portions. The outer annular portion is adapted to receive a tire thereon. The outer 
annular portion has a plurality of circumferentially spaced outer spoke attachment 
openings. The inner annular portion is fixedly coupled with the outer annular portion 
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to form an annular hollow area therebetween. The inner annular portion has a 
plurality of circurnferentially spaced inner spoke attachment openings aligned with 
the outer spoke attachment openings. The first tubular spoke attachment portions are 
fixedly coupled to the outer annular portion at the outer spoke attachment openings. 
Each of the first tubular spoke attachment portions has a first internal bore. The 
second tubular spoke attachment portions are fixedly and direcdy coupled to the inner 
annular portion at the inner spoke attachment openings. Each of the second tubular 
spoke attachment portions has a second internal bore that is aligned with one of the 
first internal bores to form a spoke receiving space. Each spoke receiving space is at 
least partially threaded. Each of the spokes includes an outer end portion, an inner 
end portion and ari elongated central portion extending between the outer erid portion 
and the inner end portion. Each of the outer end portions of the spokes is integrally 
formed with one of the elongated central portions as a one-piece, uriitary inember. 
Each of the outer end portions of the spokes is directly threadedly coupled within one 
of the spoke receiving spaces. The central hub has the inner end portions of the 
spokes coupled thereto. 

[001 1] These and other objects, features, aspects and advantages of the present 
invention will become apparent to those skilled in the art from the following detailed 
description, which, taken in conjunction with the annexed drawings, discloses a 
preferred embodiment of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] Referring now to the attached drawings which form a part of this original 
disclosure: 

[0013] Figure 1 is a side elevational view of a bicycle wheel with a spoked rim 
assembly in accordance with a first preferred embodimerit of the present invention; 
[0014] Figure 2 is an enlarged, partial side elevational view of the portion of the 
wheel identified by the circle 2 of Figure 1 ; 

[0015] Figure 3 is an enlarged, partial side elevational view of die portion of the 
wheel identified by the circle 3 of Figure 1 ; 

[0016] Figure 4 is an enlarged, partial side elevational view of the portion of the 
wheel identified by the circle 4 of Figure 1 ; 

[0017] Figure 5 is a further enlarged, partial cross-sectional view of the portion of 
the wheel illustrated in Figure 2 as seen along section line 5-5 of Figure 2; 
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[0018] Figure 6 is a further enlarged, partial cross-sectional view of the portion of 

the wheel illustrated in Figure 3 as seen along section line 6-6 of Figure 3; 

[0019] Figure 7 is a further enlarged, partial cross-sectional view of the portion of 

the wheel illustrated in Figure 4 as seen along section line 7-7 of Figure 4; 

[0020] Figure 8 is an enlarged, partial cross-sectional view of the bicycle wheel 

illustrated in Figures 1-7, as seen along section line 8-8 of Figure 1, with the valve 

removed for the purpose of illustration; 

[0021] Figure 9 is an enlarged, side elevational view of one of the reinforcement 
members illustrated in Figures 1-7; 

[0022] Figure 10 is an outer end (i.e., radially outside) elevational view of the 
reinforcement member illustrated in Figure 9; 

[0023] Figure 1 1 is an inner end (i.e., radially inside) elevational view of the 
reinforcement member illustrated in Figures 9-10; 

[0024] Figure 12 is a cross-sectional view of the reinforcement member illustrated 

in Figures 9-11, as seen along section line 12-12 of Figure 9; 

[0025] Figure 13 is a side elevational view of a bicycle wheel with a rim in 

accordance with a second preferred embodiment of the present invention; 

[0026] Figure 14 is an enlarged, partial cross-sectional view of the wheel 

illustrated in Figure 13, as seen along section line 14-14 of Figure 13; 

[0027] Figure 15 is a side elevational view of a bicycle wheel with a rim in 

accordance with a third preferred embodiment of the present invention; 

[0028] Figure 16 is an enlarged, partial cross-sectional view of the wheel 

illustrated in Figure 15, as seen along section line 16-16 of Figure 15; 

[0029] Figure 17 is a side elevational view of a bicycle wheel with a spoked rim 

assembly in accordance with a fourth preferred embodiment of the present invention; 

[0030] Figure 18 is an enlarged, partial cross-sectional view of the wheel 

illustrated in Figure 17, as seen along section line 1 8-18 of Figure 17; 

[003 1] Figure 19 is a side elevational view of a bicycle wheel with a rim in 

accordance with a fifth preferred embodiment of ttie present invention; and 

[0032] Figure 20 is an enlarged, partial cross-sectional view of the wheel 

illustrated in Figure 19, as seen along section line 20-20 of Figure 19. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0033] Selected embodiments of the present invention will now be explained with 
reference to the drawings. It will be apparent to those skilled in the art from this 
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disclosure that the following descriptions of the embodiments of the present invention 
are provided for illustration only and not for the purpose of limiting the invention as 
defined by the appended claims and their equivalents. 

[0034] Referring initially to Figures 1-4, a bicycle wheel 10 is illustrated in 
accordance with a first embodiment of the present invention. The bicycle wheel 10 
basically includes an annular rim 12 with a plurality of tubular reinforcement 
members 14, a plurality of spokes 16a, 16b and 16c, a pneumatic tire 18 and a center 
hub 20. The reinforcernent members 14 are preferably separate members that are 
welded or brazed (i.e., heat fused) to the rim 12 in a circumferentially equally spaced 
arrangement in order to form pemianent parts of the rim 12. The spokes 16a, 16b and 
16c are coupled to the rim 12 via the reinforcement members 14 of the rirn 12. The 
spokes 16a 16b and 16c are coupled to the center hub 20 via a plurality of 
conventional spoke nipples 17. The tire 18 is preferably a tubeless-type tire that is 
coupled to the rim 12. The bicycle wheel 10 is designed to rotate about a central 
rotation axis X of the center hub 20. 

[0035] In the illustrated embodiments, the bicycle wheel 10 is designed as a rear 
bicycle wheel with a free wheel 22 coupled to one end of the center hub 20. The free 
wheel 22 is coupled to the center hub 20 in a conventional manner. Thus, the free 
wheel 22 will not be discussed and/or illustrated in detail herein. The bicycle wheel 
10 preferably utilizes the spoking arrangement illustrated in Figure 1 in order to 
acconmiodate the free wheel 22. Specifically, the spokes 16a are preferably radial 
spokes that extend to one side of the center hub 20 (i.e., adjacent the free wheel 22), 
while the spokes 16b and 16c are preferably tangential spokes that extend to the 
opposite side of the center hub 20 (i.e., spaced from the free wheel 22). 
[0036] In the illustrated embodiments, the bicycle wheel 10 is designed with a 
total of twenty spokes. More specifically, the bicycle wheel 10 preferably includes 
ten of the radial spokes 16a arranged in a circumferentially alternating manner 
between the tangential spokes 16b and 16c at the armular rim 12. Thus, the bicycle 
wheel 10 preferably includes five of the tangential spokes 16b and five of the 
tangential spokes 16c. The tangential spokes 16b and 16c are also preferably 
arranged in a circumferentially alternating manner relative to each other at the annular 
rim 12. Thus, at the rim 12, each of the spokes 16a has one of the spokes 16b and one 
of the spokes 16c coupled on opposite circumferential sides thereof, as best seen in 
Figure 1. 
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[0037] The spokes 16a, 16b and 16c are identical to each other, except for their 
orientations. However, the spokes 16a, 16b and 16c have been given different 
reference numerals for convenience in identifying the different orientations of the 
spokes 16a, 16b and 16c. The spokes 16a, 16b and 16c are preferably coupled to the 
annular rim 12 at equally spaced circumferential locations relative to each other. The 
spokes 16a, 16b and 16c are preferably coupled to the center hub 20 via the spoke 
nipples 17 (only ten shown). The spoke nipples 17 are threadedly coupled to the inner 
ends of spokes 16a, 16b and 16c, and retained by the center hub 22, as explained 
belpw. 

[0038] Of course, it will be apparent to those skilled in the art from this disclosure 
that bicycle wheel 10 could use a modified rim and/or hub in order to accommodate 
different spoking arrangements such as all radial spokes or all tangential spokes as 
needed and/or desired. For example, a front bicycle wheel in accordance with the 
present invention could utilize all radial spokes that extend to opposite sides of a front 
hub (not shown) in an alternating nianner if needed and/pr desired. In any case, the 
rim 12 and the reinforcement members 14 are preferably designed to acconmiodate 
the desired spoking arrangement (i.e., the orientation of the spokes such as tangential, 
radial and/or the like). 

[0039] Moreover, it will be apparent to those skilled in the art from diis disclosure 
that the bicycle wheel 10 could use a modified rim and/or hub in order to 
accommodate fewer or more spokes, if needed and/or desired. Furthennore, it will be 
apparent to those skilled in the art from this disclosure that the bicycle wheel 10 could 
use spokes that are not coupled to the rim 12 at circumferentially equally spaced 
locations, if needed and/or desired. In any case, an equal number of total spokes are 
preferably coupled to the annular rim 12 in a circuniferentially spaced arrangement. 
[0040] Referring now to Figures 1 -8, the rim 12 will now be discussed in more 
detail. The rim 12 basically includes an outer annular portion 24, an inner annular 
portion 26 and the plurality of the reinforcement members 14. The inner annular 
portion 26 is fixedly coupled with the outer annular portion 24 to form an annular 
hollow area A. In particular, the inner annular portion 26 preferably has a U-shaped 
cross-section with the ends coupled to opposite axial sides of the outer annular portion 
24 to form the annular hollow area A. The reinforcement members are preferably 
heat fused, such as by welding or brazing, to both the outer annular portion 24 and the 
inner annular portion 26, as explained in more detail below. 



[0041] The outer annular portion 24 and the inner annular portion 26 are 
preferably integrally formed together as a one-piece unitary annular member that is 
separate from the reinforcement members 14. The outer annular portion 24 and the 
inner annular portion 26 are preferably configured to form a constant cross-sectional 
profile about the entire circumference of the rim 12 (i.e., about the entire 
circumference of the outer annular portion 24 and the inner annular portion 26), 
except for the absence of material at various openings and the presence of the 
reinforcement members 14, as explained below. Thus, the rim 12 is preferably 
symmetrical relative to a center plane P that is perpendicular to the center axis X of 
the wheel 10, except for the absence of material at various openings and the presence 
of the reinforcement members 14, as also explained below. The reinforcement 
members 14 are preferably formed as separate members that are fixedly coupled to 
the outer annular portion 24 and the inner annular portion 26 such that the 
reinforcement members 14 form parts of the annular rim 12. The reinforcement 
members 14 will be discussed in greater detail below. 
[0042] The outer annular portion 24 and the inner annular portion 26 are 
preferably constructed of a substantially lightweight, rigid material, such as those 
materials, which are well kriown in the art. For example, the outer annular portion 24 
and the inner annular portion 26 can be constructed of a suitable metalhc material, 
such as plated steel, stainless steel, aluminum, magnesium or titanium, as well as 
other non-metaUic materials, such as a carbon fiber composite. Preferably, the outer 
annular portion 24 and the inner annular portion 26 are both constructed of aluminum. 
[0043] The reinforcement members 14 are also preferably constructed of a 
substantially lightweight, rigid material, such as those materials, which are well 
known in the art. For example, the reinforcement members 14 can be consmicted of a 
suitable metallic material, such as plated steel, stainless steel, aluminum, magnesium 
or titanium, as well as other non-metallic materials, such as a carbon fiber composite. 
Preferably, the reinforcement members 14 are constructed as separate aluminum 
members fi'om the outer annular portion 24 and the inner annular portion 26 by 
casting and/or niachining. In other words, the reinforcement members 14 are 
preferably constructed of the same material as the outer annular portion 24 and the 
inner annular portion 26. 

[0044] In any case, the outer annular portion 24, the inner annular portion 26 and 
the reinforcement members 14 are preferably constructed of materials that can be heat 
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fused such as by brazing, welding and/or bonding the materials together such tiiat the 
reinforcement members 14 provide permanent, rigid reinforcement to the annular rim 
12. The term "heat fused" as used herein means when the material of one or more 
parts and possibly a third material are heated in order to bond or fuse the two parts 
together. Welding or brazing are two preferred types of heat fusing in accordance 
with the present invention. Techniques of heat fusing such as welding or brazing are 
generally well known in the art, and thus, will not be discussed and/or illustrated in 
detail herein. 

[0045] Referring still to Figures 1-8, the outer annular portion 24 basically 
includes a pair of annular side sections 30 and an annular outer bridge or connecting 
section 32. The annular connecting section 32 is fixedly coupled to the annular side 
sections 30. The annular connecting section 32 basically extends axially between the 
annular side sections 30 to form a substantially U-shaped tire receiving recess as seen 
in cross-section (Figures 5-8). More specifically, the annular connecting section 32 is 
fixedly coupled to the annular side sections 30 at radial positions between the inner 
and outer ends of the annular side sections 30, respectively. 
[0046] The annular side sections 30 are preferably substantially parallel annular 
plate shaped members with each including an annular tire supporting surface 34 and 
an annular braking surface 36. The annular side sections 30 are preferably between 
about 1 . 1 and about 1 .4 millimeters thick. The tire supporting surfaces 34 face each 
other and face the center plane P. The tire supporting surfaces 34 are configured with 
annular ribs 38 that are designed to retain beads (not shown) of the tubeless tire 18. 
The annular braking surfaces 36 face away from each other and outwardly away from 
the center plane P to engage conventional rim brakes. The annular side sections 30 
are fixedly coupled to the inner annular portion 26, as explained below, 
[0047] The annular connecting section 32 is a tubular member that has a varying 
thickness, preferably between about 0.8 and about 1.0 miUimeters thick. The annular 
connecting section 32 is thicker in the central area that overlaps the center plane P, as 
best seen in Figure 8. The annular connecting section 32 preferably has a varying, 
contoured shape, as shown in Figures 5-8. The annular connecting section 32 
basically includes a pair of annular legs 40 and a curved outer annular attachment 
element 42 extending between the annular legs 40. 

[0048] The annular legs 40 are fixedly coupled between the annular side sections 
30 and the outer annular attachment element 42. Thus, the annular legs 40 extend 
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from the annular side sections 30 axially toward each other and toward the center 
plane P. The annular legs 40 are substantially cylindrically shaped with flat inner and 
outer surfaces. The curved outer attachment element 42 preferably has a thickness of 
about 1.0 millimeters, while the annular legs 40 preferably have a thickness of about 
0.8 millimeters. A pair of annular ridges 41 are arranged at the intersections between 
the annular legs 40 and the outer attachment element 42. The outer attachment 
element 42 preferably has a concave tire support surface 43 with a radius of curvature 
of about 4.0 millimeters. Annular transition areas and the annular ridges 41 are 
arranged at axial ends of the outer attachment element 42 such that beads of the 
tubeless tire 1 8 can slide up the concave tire support surface 43 of the outer 
attachment element 42 to positions up against the tire supporting surfaces 34. 
[0049] The outer annular attachment element 42 has a plurality of outer 
attachment openings 44a, 44b and 44c as well as an outer valve opening 46 formed 
therein. The outer annular portion 24 is preferably free of openings, except for the 
outer attachment openings 44a, 44b and 44c, and the outer valve opening 46. The 
outer attachment openings 44a, 44b and 44c as well the outer valve opening 46 are 
preferably circular shaped openings. The outer attachment openings 44a, 44b and 44c 
preferably each have a diameter of about 4.6 millimeters. 
[0050] The plurality of outer attachment openings 44a, 44b and 44c are 
configured to have die spokes 16a, 16b and 16c coupled thereto, respectively, via the 
reinforcement members 14. Thus, the outer attachment openings 44a, 44b and 44c 
can be considered outer spoke attachment openings. The outer attachment openings 
44a, 44b and 44c have center axes Ci, C2 and C3, respectively, that are aligned witii 
the longitudinal center axes of the spokes 16a, 16b and 16c, respectively. Thus, 
preferably, there are ten of the outer attachment openings 44a, five of the outer 
attachment openings 44b and five of the outer attachment openings 44c. The outer 
attachment openings 44a, 44b and 44c are identical to each other except their 
orientations (inclinations) are slightiy different in order to accommodate die 
orientations of the spokes 16a, 16b and 16c, respectively. 

[005 1] The center axes Ci, C2 and C3 are preferably angled about 0°, about -5° and 
about +5° relative to radial reference lines R extending in the radial direction from the 
rim 12 and passing through the center rotations axis X, respectively, as best seen in 
Figures 2, 3 and 4, respectively. There are an infinite numbers of radial lines R 
extending between the rini 12 and the center rotations axis X. The center axes Ci, C2 
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and C3 are also preferably angled about -4°, about +5.5*^ and about +6.8*' relative to the 
center plane P of the riin 12, respectively, as best seen in Figures 5, 6 and 7, 
respectively. 

[0052] Referring still to Figures 1-8, the inner annular portion 26 is a curved 
tubular member that has a U-shaped or V-shaped cross-sectional shape. The iniier 
annular portion 26 preferably has a varying thickness between about 0.8 and about 1.0 
millimeters. The inner annular portion 26 basically includes a pair of annular slanted 
sections 50 and an inner annular section 52 fixedly coupled to the slanted sections 50. 
The slanted sections 50 preferably have thicknesses of about 0,8 inillimeters, while 
the inner annular section 52 preferably has a thickness of about 1 .0 millimeters. 
Gradual transition areas are located between the annular slanted sections 50 and the 
inner annular section 52. Outer radial ends of the slaiited sections 50 are fixedly 
coupled to iiiner radial ends of the annular side sections 30 of the outer annular 
portion 24. Inner radial ends of the slanted sections 50 are fixedly coupled to outer 
radial ends of the inner annular section 52. 

[0053] The inner annular section or attachment element 52 has a plurality of inner 
attachment openings 54a, 54b and 54c as well as an inner valve opening 56 formed 
therein. The inner annular portion 26 is preferably free of openings, except for the 
inner attachment openings 54a, 54b and 54c, and the inner valve opening 56, The 
inner attachment openings 54a, 54b and 54c as well the inner valve opening 56 are 
preferably circular shaped openings. The inner attachment openings 54a, 54b and 54c 
are preferably slightly smaller than the outer attachment openings 44a, 44b and 44c in 
order to retain each reinforcement member 14 prior to fixedly coupling the 
reinforcement members 14 to the rim 12. The inner attachment openings 54a, 54b 
and 54c preferably have diameters of about 4.0 inillimeters. 
[0054] The plurality of inner attachment openings 54a, 54b and 54c are 
configured to have the spokes 16a, 16b and 16c coupled thereto, respectively, via the 
reinforcement members 14. Thus, the inner attachnient openings 54a, 54b and 54c 
can be considered irmer spoke attachment openings. The inner attachment openings 
54a, 54b and 54c are aligned with the outer attachment openings 44a, 44b and 44c, 
respectively. Thus, the center axes Ci, C2 and C3, of the outer attachment openings 
44a, 44b and 44c, are also the center axes of the inner attachment openings 54a, 54b 
and 54c, respectively. Moreover, , die center axes Ci, C2 and C3, of the outer 
attachment openings 44a, 44b and 44c, are also the center axes of the spokes 1 6a, 1 6b 
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and 16c, respectively. Thus, there are preferably ten of the inner attachment openings 
54a, five of the inner attachment openings 54b and five of the inner attachment 
openings 54c. The inner attachment openings 54a, 54b and 54c are identical to each 
other except their orientations (inclinations) are slightly different in order to 
accommodate the orientations of the spokes 16a, 16b and 16c, respectively. 
[0055] The inner attachment openings 54a, 54b and 54c and the outer attachment 
openings 44a, 44b and 44c are angled in opposite directions relative to the center 
plane P in an alternating manner, as mentioned above. Specifically, the attachment , 
openings 44a and 54a are angled in one direction relative to the center plane P, while 
the attachment openings 44b, 54b, 44c and 54c are angled in the opposite direction 
relative to the center plane P in an alternating manner between the attachment 
openings 44a and 54a, as best understood from Figures 1-4. In other words, the outer 
attachment openings 44a, 44b and 44c are arranged in order about the circumference 
of the rim 12 as follows: 44a, 44b, 44a, 44c, 44a, 44b, 44a, 44c, etc. The inner 
attachment openings 54a, 54b and 54c are also arranged in order about the 
circumference of the rim 12 as follows: 54a, 54b, 54a, 54c, 54a, 54b, 54a, 54c, etc. 
[0056] The inner annular section 42 together with the annular slanted sections 40 
define annular curved interior and exterior surfaces 58a and 58b of the iimer annular 
portion 26. The exterior curved surface 58b is a convex surface while the interior 
surface 58a is a concave surface. The exterior curved surface 58b has a radius of 
curvature of about 5.0 millimeters, while the interior surface 58a has a radius of 
curvature of about 4.0 millimeters. The inrier attachment openings 54a, 54b and 54c, 
and the inner valve opening 56 extend between the interior and exterior surfaces 58a 
and 58b of the inner annular portion 26. 

[0057] Referring to Figures 1 and 8, the outer valve opening 46 and the inner 
valve opening 56 are configured to receive a conventional valve 48 therein in order to 
inflate the tubeless tire 18. In other words, the valve 48 is preferably designed for use 
with a tubeless tire 18. However, it will be apparent to those skilled in the art from 
this disclosure that the tire 18 could be a tube-type tire (not shown), and that the valve 
openings 46 and 56 could receive the valve of a tube (not shown) in a conventional 
manner. Thus, the valve openings 46 and 56 and/or the valve 48 can be designed for 
a tubeless tire in a conventional manner, and/or for a tube-type tire in a conventional 
manner. In any case, because the valve 48 is conventional, the valve 48 will not be 
discussed and/pr illustrated in detail herein. 



[0058] Referring now to Figures 1-12, the reinforcement members 14 will now be 
discussed in more detail. Each reinforcement member 14 is designed to be fixedly 
coupled to the rim 12 in order to couple one of the spokes 16a, 16b or 16c thereto. 
Specifically, each reinforcement member is preferably at least partially received in 
one of the outer attachment openings 44a, 44b and 44c, and at least partially received 
in a corresponding one of the inner attachment openings 54a, 54b and 54c. 
Preferably, each reinforcement member is fixedly coupled to both the outer annular 
portion 24 and the inner annular portion 26 by heat fusing. 
[0059] Preferably, the rim 12 includes twenty of the reiriforcement members 14 
fixedly coupled thereto (i.e., a number of reinforcement members 14 corresponding to 
the number of spokes 16a, 16b and 16c). The reiniforcement members 14 are identical 
to each other. Thus, only one of the reinforcement members 14 will be discussed in 
detail herein. • 

[0060] Referring mainly to Figures 9-12, each reinforcement member 14 is 
preferably an elongated tubular meinber with a circular shape. Each reinforcement 
member 14 is preferably constructed as a separate aluminum member by casting 
and/or machining. Each reinforcement member 14 basically includes an outer tubular 
portion 60, and inner tubular portion 62 and a through bore 64 extending through both 
the outer tubular portion 60 and the inner tubular portion 62, The outer tubular 
portion 60 is preferably fixedly coupled to the oiiter annular portion 24 of the rim 12 
within one of the outer attachment openings 44a, 44b and 44c. The inner tubular 
portion 62 is preferably fixedly coupled to the inner annular portion 26 of the rim 12 
within one of the inner attachment openings 54a, 54b and 54c. One of the spokes 16a, 
16b and 16c is coupled within the through bore 64. Thus, each reinforcement member 
14 can be considered a tubular spoke attachment member. 

[006 1] In this embodiment, the inner tubule portion 62 is preferably integrally 
formed with the outer tubular portion 60 as a one-piece, unitary member. However, it 
will be apparent to those skilled in the art from this disclosure that each reinforcement 
member 14 could be constructed as more than one-piece, as discussed below with 
reference to another preferred embodiment of the present invention. Additionally, in 
this embodiment, both the outer and inner tubular portions 60 and 62 preferably have 
cylindrical shapes. However, it will be apparent to those skilled in the art from this 
disclosure that the outer tubular portion 60 and/or the inner tubular portion 62 could 



have modified shapes as needed and/or desired, as discussed below with reference to 
other preferred embodiments of the present invention. 

[0062] The outer tubular portion 60 basically includes an outer end surface 66 and 
a cylindrical outer exterior surface 68 extending from the outer end surface 66 tovvard 
the inner tubular portion 62, The outa* end surface 66 is preferably an annular, 
circular shaped surface. The cylindrical outer exterior surface 68 is preferably sized 
and configured to be received in the outer attachment openings 44a, 44b and 44c. The 
cylindrical outer exterior surface 68 preferably has a diameter of about 4,6 
millimeters. 

[0063] The inner tubular portion 62 basically includes an inner end surface 70 and 
a cylindrical inner exterior surface 72. The inner end surface 70 is preferably an 
annular, circular shaped surface. The cylindrical inner exterior surface 72 is 
preferably sized and configured to be received in the inner attachment openings 54a, 
54b and 54c. The cylindrical inner exterior surface 72 preferably has a diameter of 
about 4.0 millimeters. Thus, the inner tubular portion 62 is preferably srnaller than 
the outer tubular portion 60. An annular exterior abutment surface 74 extends 
between the cylindrical outer surfaces 68 and 72. The annular abutment surface 74 is 
preferably an inclined, circular shaped surface. The abutment surface 74 is designed 
to contact the interior surface 58a of the inner aiinular portion 26. 
[0064] The through bore 64 basically includes an outer unthreaded section 64a, a 
threaded central section 64b and an inner unthreaded section 64c. The sections 64a, 
64b and 64c of the through bore 64 are preferably circular shaped sections that are 
aligned with each other such that the through bore 64 has a longitudinal center axis Y 
that is also the longitudinal center axis of the overall reinforcement member 14. Thus, 
each reinforcement member 14 is preferably synMnetrical about its longitudinal center 
axis Y. One of the spokes 16a, 16b and 16c is threadedly coupled to the central 
threaded section 64b after the reinforcement member 14 is fixedly coupled to the rim 
12. Thus, when the wheel 10 is assembled, the longitudinal center axis Y of each 
reinforcement member 14 is coincident with one of the center axes Ci, C2 and C3. 
[0065] In this embodiment, the outer half of each reinforcement member 14 can 
be considered a first (outer) tubular spoke attachment portion, while the inner half of 
each reinforcement menaber 14 can be considered a second (inner) tubular spoke 
attachment portion, as best seen in Figures 9 and 12. A phantom dotted line is shown 
in Figures 9 and 12 as an example of a dividing line between the so-called first and 
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second tubular spoke attachment portions of each reinforcement member 14, 
Accordingly, the outer and inner halves of each reinforcement member 14 together at 
least partially define a spoke receiving space (i.e., the through bore 64) that is at least 
partially threaded. Of course, it will be apparent to those skilled in the art from Uiis 
disclosure that the reinforcement menibers 14 could have other configurations as 
needed and/or desired. However, preferably, the reinforcement members 14 are 
constmcted such that forces from the spokes 16a, 16b and 16c are dispersed to both 
the outer annular portion 24 and the inner annular portion 26 of the rim 12. In other 
words, the so-called first tubular spoke attachment portion is preferably at least 
partially internally threaded and the so-called second tubular spoke attachment portion 
is also preferably at least partially internally threaded. 

[0066] Each of the spokes 16a, 16b and 16c includes an outer end portion 80, an 
elongated central portion 82, an inner end portion 84 and one of the spoke nipples 17. 
The spokes 16a, 16b and 16c are identical to each other, except their orientations 
(inclinations), as mentioned above. Accordingly, only one of the spokes 1 6a, 1 6b and 
. 16c (spoke 16a) will be discussed in detail herein. The outer end portion 80, the 
elongated central portion 82 and the inner end portion 84 of the spoke 16a are 
preferably integrally formed together as a one-piece, unitary metal member in a 
conventional manner. In any case, at least the outer end portion 80 and the elongated 
central portion 82 are preferably integrally formed together as a.one-piece, unitary 
member. 

[0067] The outer end portion 80 has external threads to engage one of the through 
bores 64 of one of the reinforcement members 14 (i.e., the central threaded section 
64b). The outer end portion 80 of each spoke 16a also preferably has a square shaped 
section used to rotate or hold the spoke 16a. The inner end portion 84 of the spoke 
16a also preferably has extemal threads with one of the spoke nipples 17 threadedly 
coupled thereto in a conventional manner. The spoke 16a is placed under tension 
between the center hub 20 and the rim 12 by rotating the spoke nipple 17 and/or the 
spoke 16a in a relatively conventional manner. The spoke 16a is preferably a 
conventional wire-type spoke diat is constructed in a conventional manner. Thus, the 
spoke 16a will not be discussed and/or illustrated in detail herein except as related to 
the present invention, 

[0068] Referring again to Figure 1 , the center hub 20 with the free wheel 22 of the 
wheel 1 0 of the present invention is relatively conventional, except as explained and 
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illustrated herein. Thus, the center hub 20 will not be discussed and/or illustrated in 
detail herein. Rather, the center hub 20 can basically be understood from U.S. Patent 
No, 6,431,658, assigned to Shiniano Inc. Specifically, the center hub 20 of the 
present inventiori is similar to the rear hub disclosed in U.S. Patent No. 6,431,658, 
except the center hub 20 of the present invention utilizes more spokes (i.e., twenty 
spokes) that are circumferentially equally spaced apart at the riin 12, and that the 
radial spokes 16a of the present irivention are mounted to the center hub 20 adjacent 
the free wheel 22. 

[0069] More specifically, the center hub 20 of the present invention is similar to 
the hub utilized with Shimano's wheel model Nps. WH-M535 and WH-R535, except 
the center hub 20 of the present invention is designed to have twenty spokes 16a, 16b 
and 16c coupled thereto that are equally circumferentially spaced about the rim 12. 
Shimano's wheel model Nos. WH-M535 and WH-R535 are designed to have sixteen 
spokes coupled thereto in paired spoking arrangements at their rims. Thus, it will be 
apparent to those skilled in the art from this disclosure that the center hub 20 of the 
wheel 10 of the present invention has a tubular spoke attachment portion (adjacent the 
free wheel 22) with ten slots for coupling the ten spokes 16a therein, and five spoke 
attachment projections (at the opposite end from the freewheel 22) with each designed 
to have one of the spokes 16b and one of the spokes 16c coupled thereto via the spoke 
nipples 17. 

[0070] It will also be apparent to those skilled in the art from this disclosure that 
such spoke attachment projections and the slots of the tubular spoke attachment 
portion of the center hub 20 should be arranged relative to each other such that the 
spokes 16a, 16b and 16c are coupled to the rim 12 at circumferentially equally spaced 
locations. In any case, the precise construction of the hub 20 of the wheel 10 of the 
present invention is not critical so lorig as the spokes 16a, 16b and 16c can be coupled 
thereto via the spoke nipples 17 at the orientations (inclinations) disclosed herein. 
[0071] Referring now to Figures 1-12, the constmctipn of the rim 12 will now be 
discussed in more detail. First, the aimular rim 12 (i.e., separate from the 
reinforcement members 14) is preferably formed that includes the outer annular 
portion 24 and the inner aimular portion 26. For example, the outer annular portion 
24 and the inner aimular portion 26 are preferably constructed by first extruding a 
length of aluminum with the cross-sectional shape illustrated in Figures 5-8. Next, 
the length of aluminum is preferably bent into a circular shape, and the ends of the 
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length of aluminum are then welded together to form the rim 12 absent the 
reinforcement members 14. 

[0072] The attachment openings 44a, 44b, 44c, 54a, 54b and 54a as well as the 
valve openings 46 and 56 are formed in the rim 12 before or after bending the length 
of material into the circular shape, preferably after bending the rim 12 into a circular 
shape. The reinforcement members 14 are then inserted through the outer attachment 
openings 44a, 44b and 44c and into the inner attachment opeiiings 54a, 54b and 54c. 
The inner tubular portion 62 is inserted first until it is seated iri one of the inner 
attachment openings 54a, 54b and 54e. Each reinforcement member 14 is then 
preferably fixedly coupled within the attachment openings 44a, 44b, 44c, 54a, 54b 
and 54a by heat fusing such as by welding or brazing around the outer periphery of 
each end surface 68 and 72 of each reinforcement member 14. Of course, the 
reinforcement members 14 can be inserted and then welded or brazed one at a time, 
simultaneously, etc. After fixedly coiipling the reinforcement members 14 to the 
outer annular portion 24 and the inner annular portion 26, the ends of the 
reinforcement members can optionally be ground or otherwise shaped such that the 
concave tire support surface 43 remains a contiguous curved surface, except for the 
absence of material due to openings, and such that the exterior surface 58b of the 
inner annular portion 26 is relatively smooth. 

[0073] The reinforcement members 14 are preferably constructed as individual 
one-piece members by casting, machining, or the like, as mentioned above. If the 
reinforcement members 14 are welded, preferably each reinforcement member 14 is 
welded by flash-butt or laser welding. In any case a thin bonding layer is formed to 
fuse the reinforcement members 14 to the outer annular portion 24 and the inner 
annular portion 26 of the rim 12 to prevent air leakage from the ttibeless tire 18 
around the outer peripheries of the reinforcement members 14. 
[0074] Now the rim 12 is basically completed. After the rim 12 is basically 
completed, the spokes 16a, 16b and 16c are threadedly coupled to the reinforcement 
members 14 of the rim 12 and the central hub 20 via the spoke nipples 17. Then, the 
valve 48 and the tire 18 can be coupled to the rim 12 in a conventional manner. 
Preferably, a sealing, thread-locking arid/or anti-loosening compound such as 
adhesive or the like is applied to the threaded outer end portions 80 of the spokes 16a, 
16b and 16c, prior to threadedly coupling them within the through bores 64 of the 
reinforcement members 14. The compound prevents air leakage and loosening of the 
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threaded outer end portions 80 after assembly and drying/curing of the compound, hi 
addition to or instead of the sealing/locking compound, rubber seals or plugs (not 
shown in this embodiment) can be inserted such as by press-fitting into the 
unthreaded sections 64a of the through bores 64 to prevent air leakage. 
[0075] The method of making the rim 12 discussed above is merely an example of 
one preferred method of making the rim 12 of the present invention. Thus, it will be 
apparent to those skilled in the art from this disclosure that the method steps described 
above could be performed in alternate orders in order to achieve the rim 12 of the 
present invention as needed and/or desired. Moreover^ it will be apparent to those 
skilled in the art from this disclosure that additional or fewer method steps can be 
included in making the rim 12 of the present invention as needed and/or desired. 

SECOND EMBODIMENT 
[0076] Referring now to Figures 13 and 14, a wheel 210 in accordance with a 
second embodiment of the present invention will now be explained. The wheel 210 
of this second embodiment is identical to the wheel 10 of the first embodiment, except 
the wheel 210 includes a modified rim 212 that includes a plurality of modified 
reinforcement members 214. In view of the similarity between the first and second 
embodiments, the parts of the second embodiment that are identical to the parts of the 
first embodiment will be given the sanie reference numerals as the parts of the first 
embodiment. Moreover, the descriptions of the parts of the second embodiment that 
are identical to the parts of the first embodiment may be omitted for the sake of 
brevity. However, it will be apparent to those skilled in the art from this disclosure 
that the descriptions and illustrations of the first embodiment also apply to this second 
embodiment, except as explained and illustrated herein. In other words, the following 
description will fociis mainly on the differences between this second embodiment and 
the first embodiment. 

[0077] The rim 212 of this second embodiment basically includes an outer 
annular portion 224, a modified inner annular portion 226 and the modified 
reinforcement members 214. The outer annular portion 224 is identical to the outer 
annular portion 24 of the first embodiment. The inner annular portion 226 is also 
identical to the inner annular portion 26 of the first embodiment, except the inner 
annular portion 226 includes a plurality of niodified inner attachment openings. The 
modified inner attachment openings of this second embodiment are identical to the 
inner attachment openings 54a, 54b and 54c of the first embodiment, respectively, 

> 17- 



except the inner attachment openings of this second embodiment are slightly larger so 
that the modified reinforcement members 214 can be inserted therein from the radially 
inner side thereof. In view of the similarity between the modified inner spoke 
attachment openings of this second embodiment with the inner attachment openings 
54a, 54b and 54c of the first embodiment, only one modified inner attachment 
opening 254a is illustrated in detail herein. The inner attachment opening 254a 
preferably has a diameter of about 4.6 millimeters/ 

[0078] The reinforcement members 214 are identical to each other. Thus, only 
one of the reinforcement members 214 will be discussed and illustrated in detail 
herein. The reinforcement member 214 is identical to the reinforcemeiit member 14 
of the first embodiment, except the reinforcement member 214 has a modified shape 
in order to be inserted into the inner attachment opening 254a. Specifically, the 
reinforcement meniber 214 basically includes a tubular portion 260, an inner annular 
flange 261 and a through bore 264. 

[0079] The tubular portion 260 has a configuration identical to the outer tubular 
portion 60 of the first emljodiment, except the tubular portion 260 is longer to extend 
through the inner attachment opening 254a to the annular flange 26 1 . Thus, the 
tubular portion 260 includes an outer end surface 266 and a cylindrical outer surface 
268 that extends between the outer end surface 266 and the annular flange 26 1 . The 
outer end surface 266 is identical to the outer end surface 66 of the first embodiment. 
The cylindrical outer surface 268 is identical to the outer surface 68 of the first 
embodiment, except the cylindrical outer surface 268 is longer. Thus, the cylindrical 
outer surface 268 preferably has a diameter of about 4.6 millimeters, 
[0080] The through bore 264 extends through both the mbular portion 260 and the 
annular flange 261. The through bore 264 is identical to the through bore 64 of the 
first embodiment, except the through bore 264 is longer due to the presence of the 
annular flange 261 and the unthreaded inner section 64c of tihe first embodiment is 
omitted. Thus, the through bore 264 includes an outer unthreaded section 264a and a 
threaded section 264b. 

[0081] The annular flange 261 basically includes an inner annular end surface 
270, a tubular surface 272 and a rim contacting surface 274. The threaded section 
264b of the through bore 264 extends from the inner end surface 270 toward the outer 
end surface 266. the inner end surface 270 preferably has a circular shape as viewed 
along the center longitudinal axis of the reinforcement mernber 214. However, the 
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inner end surface 270 is a Gontoured (non-flat) surface that is preferably substantially 
parallel to the rim contacting surface 274. The rim contacting surface 274 preferably 
has a contour that corresponds to the contour of the inner annular portion 226 of the 
rim 212. The tubular surface 272 preferably has a circular shape as viewed along the 
center longitudinal axis of the reinforcement member 214. Of course, the inner end 
surface 270 and the tubular surface 272 could have an elliptical shape as viewed along 
the center longitudinal axis of the reinforcement meniber 214. In such an 
arrangement, the major diameter of the elliptical shape is preferably about twice as 
large as the minor diameter of the elliptical shape and the major diameter is measured 
in the circumferential direction of the rim 212. 

[0082] Similar to ±e first embodiment, the outer half of each reinforcement 
member 214 can be considered a first (outer) tubular spoke attachment portion, while 
the inner half of each reinforcement member 214 can be considered a second (inner) 
tubular spoke attachment portion. Accordingly, the outer and inner halves of each 
reinforcement member 214 together at least partially define a spoke receiving space 
(i.e., the through bore 264) that is at least partially threaded. 

THIRD EMBODIMENT 
[0083] Referring now to Figures 15 and 16, a wheel 310 in accordance with a 
third embodiment of the present invention will now be explained. The wheel 310 of 
this third embodiment is identical to the wheel 10 of the first embodiment, except the 
wheel 310 includes a modified rim 312 that includes a plurality of modified 
reinforcement members 314. In view of the similarity between the first and third 
embodiments, the parts of the third embodiment that are identical to the parts of the 
first embodiment will be given the same reference numerals as the parts of the first 
embodiment. Moreover, the descriptions of the parts of the third embodiment that are 
identical to the parts of the first embodiment may be omitted for the sake of brevity. 
However, it will be apparent to those skilled in the art from this disclosure that the 
descriptions and illustrations of the first embodiment also apply to this third 
embodiment, except as explained and illustrated herein. Li other words, the following 
description will focus mainly on the differences between this third embodiment and 
the first embodiment. 

[0084] The rim 312 of this third embodiment basically includes an outer annular 
portion 324, a modified inner annular portion 326 and the modified reinforcement 
members 3 14. The outer annular portion 324 is identical to die outer annular portion 
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24 of the first embodiment. The inner annular portion 326 is also identical to the 
inner annular portion 26 of the first embodiment, except the inner annular portion 326 
includes a pluredity of modified inner attachment openings. The modified inner 
attachment openings of this third embodinaent are identical to the inner attachment 
openings 54a, 54b and 54c of the first embodiment, respectively, except the inner 
attachment openings of this third embodiment are shghtly larger so that the modified 
reinforcement members 314 can be inserted therein from the radially inner side 
thereof. In view of the similarity between the modified inner spoke attachment 
openings of this third embodiment with the inner attachment openings 54a, 54b and 
54c of the first embodiment, only one modified inner attachment opening 354a is 
illustrated in detail herein. The inner attachment opening 354a preferably has a 
diameter of about 4.6 millimeters. 

[0085] The reinforcement members 314 are identical to each otiiier. Thus, only 
one of the reinforcement members 314 will be discussed and illustrated in detail 
herein. The reinforcement member 314 is basically similar to the reinforcement 
member 214 of the second embodiment, except the reinforcement member 314 is 
constructed of two pieces. Also, in this embodirnent, both of the pieces have an 
annular flange as explained below. Specifically, the reinforcement member 314 
basically includes an outer tubular portion 360 with an outer annular flange 361, an 

inner tubular portion 362 with an inner annular flange 363 and a through bore 364. 

/• . ■ * . 

The outer tubular portion 360 is constructed as a separate member from the inner 
tubular portion 362. 

[0086] The outer tubular portion 360 basically includes a through bore 365, an 
outer end surface 366a, an inner end surface 366b, a rim facing surface 366c, a 
cylindrical outer surface 368 and a tubular outer surface 369. The cylindrical outer 
surface 368 is similar to the outer surface 68 of the first embodiment. The cylindrical 
outer surface 368 has a diameter of about 4.6 millimeters. However, the rim facing or 
contacting surface 366c extends between the cylindrical outer surface 368 and the 
tubular outer surface 369 to partially define the outer annular flange 361. The tubular 
outer surface 369 extends between the outer end surface 366a and the rim facing 
surface 366c to further define the annular flange 361 . The inner end surface 366b 
defines an inner end of the cylindrical outer surface 368. 

[0087] The annular flange 361 preferably has a circular shape as viewed along the 
center longitudinal axis of the reinforcement member 314. The outer end surface 
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366a preferably has a circular shape as viewed along the center longitudinal axis of 
the reinforcement member 314. However, the outer end surface 366a is a contoured 
(non-flat) surface tiiat is preferably substantially parallel to the rim facing or 
contacting surface 366c. The rirn facing surface 366c preferably has a contour that 
corresponds to the contour of the outer annular portion 326 of the rim 312. The 
tubular surface 369 preferably has a circular shape as viewed along the center 
longitudinal axis of the reinforcement member 314. Of course, die outer end surface 
366a and the tubular surface 369 could have an elliptical shape as viewed along the 
center longitudinal axis of the reinforcement member 314. In such an arrangement, 
the major diameter of the elliptical shape is preferably about twice as large as the 
minor diameter of the elliptical shape and the major diameter is measured in the 
circumferential direction of tfie rim 312. 

[0088] The inner tubular portion 362 basically includes a through bore 375, an 
outer end surface 376a, an inner end surface 376b, a rim facing surface 376c, a 
cylindrical outer surface 378 and a tubular outer surface 379. The cylindrical outer 
surface 378 is similar to the outer surface 268 of the second embodiment. The 
cylindrical outer surface 378 has a diameter of about 4.6 millimeters. However, the 
rim facing or contacting surface 376c extends between the cylindrical outer surface 
378 and the tubular outer surface 379 to partially define the inner annular flange 363. 
The tubular outer surface 379 extends between the inner end surface 376b and the rim 
facing surface 376c to further define the annular flange 363. The outer end surface 
376a defines an outer end of the cylindrical outer surface 378. 
[0089] The annular flange 363 preferably has a circular shape as viewed along the 
center longitudinal axis of the reinforcement member 314. The inner end surface 
376b preferably has a circular shape as viewed along the center longitudinal axis of 
the reinforcement member 314. However, the inner end surface 376b is a contoured 
(non-flat) surface that is preferably substantially parallel to the rim contacting surface 
376c. The rim contacting surface 376c preferably has a contour that corresponds to 
the contour of the inner annular portion 326 of the rim 312. The tubular surface 379 
preferably has a circular shape as viewed along the center longitudinal axis of the 
reinforcement member 314. Of course, the inner end surface 376b and the tubular 
surface 379 could have an elliptical shape as viewed along the center longitudinal axis 
of the reinforcement member 314. In such an arrangement, the major diameter of the 
elliptical shape is preferably about twice as large as the minor diameter of the 



elliptical shape and the major diameter is measured in the circurnferential direction of 
the rim 312. 

[0090] The through bore 364 extends through both the outer tubular portion 360, 
the inner tubular portion 362 as well as the gap between the outer and inner tubular 
portions 360 and 362. Thus, the through bore 364 is at least partially defined by the 
through bores 365 and 375 of the outer and inner tubular portions 360 and 362, 
respectively. The through bore 364 is identical to the through bore 264 of the second 
embodiment, except the through bore 364 is longer due to the presence of the outer 
annular flange 361, and segmented due to the gap between the outer and inner tubular 
portions 360 and 362. Thus, the through bore 364 is basically defined by an 
unthreaded section 364a of the through bore 365, an outer threaded section 364b of 
the through bore 365, the gap between the outer and inner tubular portions 360 and 
362, and the through bore 375. The through bore 375 is threaded along its entire 
length. 

[0091] The outer tubular portion 360 of each reinforcement member 314 can be 
considered a first (outer) tubular spoke attachment portion, while the inner tubular 
portion 362 of each reinforcement, member 314 can be considered a second (inner) 
tubular spoke attachnient portion. Accordingly, the outer and inner tubular portions 
360 and 362 of the reinforcement member 314 together at least partially define a 
spoke receiving space (i.e., the through bore 364) that is at least partially threaded. 

FOURTH EMBODIMENT 
[0092] Referring now to Figures 17 and 18, a wheel 410 in accordance with a 
fourth euibodiment of the present invention will now be explained. The wheel 410 of 
this fourth embodiment is identical to the wheel 10 of the first embodiment, except 
the wheel 410 includes a modified rim 412 that includes a plurality of modified 
reinforcement members 414 and a plurality of modified spokes 416a, 416b and 416c. 
In view of the similarity between the first and fourth embodiments, the parts of the 
fourth embodiment that are identical to the parts of the first embodiment will be given 
the same reference numerals as the parts of the first embodiment. Moreover, the 
descriptions of the parts of the fourth embodiment that are identical to the parts of the 
first embodiment may be otnitted for the sake of brevity. However, it will be apparent 
to those skilled in the art from this disclosure that the descriptions and illustrations of 
the first embodiment also apply to this fourth embodiment, except as explained and 



illustrated herein. In other words, the following description will focus mainly on the 
differences between this fourth embodiment and the first embodiment. 
[0093] The rim 412 of this fourth embodiment is identical to the rim 12 of the first 
embodiment, except the rim 412 has the modified reinforcement members 414 
coupled thereto. Thus, the rim 412 basically includes an outer annular portion 424 
identical to the outer annular portion 24 of the first embodiment, an inner annular 
portion 426 identical to the iiiner annular portion 26 of the first embodiment and the 
modified reinforcement members 414. 

[0094] The reinforcement members 414 are identical to each other. Thus, only 
one of the reinforcement naembers 414 will be discussed and illustrated in detail 
herein. The reinforcement member 414 is identical to the reinforcement member 14 
of the first embodiment, except the reinforcement member 414 includes a through 
bore 464 that has a modified shape in order to acconunodate the modified spokes 
416a, 416b and 416c. Specifically, the reinforcement member 414 basically includes 
an outer tubular portion 460, an inner tubular portion 462 and the modified through 
bore 464. The modified through bore 464 is a stepped bore that is completely 
unthreaded in order to retain the modified spokes 416a, 416b and 416c therein. 
Specifically, the through bore 464 has an abutment surface 465 designed to retain one 
of the spokes 416a, 416b and 416c therein. 

[0095] The modified spokes 416a, 416b and 416c are identical to the spokes 16a, 
16b and 16c of the first embodiment, respectively, except each of the spokes 416a, 
416b and 416c includes a modified outer end portion 480. Thus, the spokes 416a, 
416b and 416c are identical to each other except for their orientations (inclinations). 
Accordingly, only one spoke 416a will be discussed and illustrated in detail herein. 
The outer end portion 480 of the spoke 416a has a shaft section 481a and an enlarged 
head 481b that is integrally formed with the shaft section 481a. The spoke 416a is 
configured to slide through the through bore 464 until the enlarged head 481b engages 
the annular abutment 465 to coupled the spoke 41 6a to the rim 41 2. 
[0096] In this embodiment, a mbber seal or plug 490 (only one illustrated) is 
preferably mounted in each through bore 464 of each reinforcement member 414 to 
prevent air leakage. Of course, it will be apparent to those skilled in the art from this 
disclosure that the plug 490 could be used in conjunction with the first, second, and 
third enibodiments if needed and/or desired, as mentioned above. 



[0097] Similar to the first embodiment, the outer half of each reinforcement 
member 414 can be considered a first (outer) tubular spoke attachment portion, while 
the inner half of each reinforcement member 414 can be considered a second (inner) 
tubular spoke attachment portion. Accordingly, the outer and inner halves of each 
reinforcement member 414 together at least partially define a spoke receiving space 
(i.e., the through bore 464) that is a stepped, unthreaded bore. 

FIFTH EMBODIMENT 
[0098] Referring now to Figures 1 9 and 20, a wheel 5 1 0 in accordance with a fifth 
embodiment of the present invention will now be explained. The wheel 510 of this 
fifth embodiment is identical to the wheel 10 of the first embodiment, except the 
wheel 510 includes a modified rim 512 that includes a plurality of modified 
reinforcement members 514. In view of the similarity between the first and fifth 
embodiments, the parts of the fifth embodiment that are identical to the parts of the 
first embodiment will be given the sarrie reference numerals as the parts of the first 
embodiment. Moreover, the descriptions of the parts of the fifdi embodiment that are 
identical to the parts of the first embodiment may be omitted for the sake of brevity. 
However, it will be apparent to those skilled in the art from this disclosure that the 
descriptions and illustrations of the first embodiment also apply to this fifth 
embodiment, except as explained and illustrated herein. In other words, the following 
description will focus mainly on the differences between this fifth embodiment and 
the first embodiment. 

[0099] The rim 512 of this fifth embodiment is identical to the rim 12 of the first 
embodiment, except the rim 512 has the modified reinforcement members 514 
coupled thereto. Thus, the rim 512 basically includes an outer annular portion 524 
identical to the outer annular portion 24 of the first embodiment, an inner annular 
portion 526 identical to the inner annular portion 26 of the first embodiment and the 
modified reinforcenient members 514. 

[00100] The reinforcenient members 514 are identical to each other. Thus, only 
one of the reinforcement members 514 will be discussed and illustrated in detail 
herein. The reinforcement member 514 is identical to die reinforcement member 14 
of the first embodiment, except the reinforcement member 514 includes a partially 
threaded blind bore 564 rather than die dirough bore 64 of the first embodiment. 
Thus, the reinforcement member 514 basically includes a modified outer tubular 
portion 560, an inner tubular portion 562 identical to the inner tubular portion 62 of 
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the first embodiment and the blind bore 564. The blind bore 564 has an identical 
configuration to the through bore 64 of the first embodiment, except it is shorter, i.e. 
enclosed, at its outer end. Thus, the blind bore 564 has a stop or end surface 565, an 
unthreaded outer section 564a, a threaded central section 564b and an inner 
unthreaded section 564c, The central section 564b and the inner section 564c are 
identical to the sections 64b and 64c of the first embodiment, respectively. The outer 
section 564a is shorter than the section 64a of the first embodiment due to the stop 
surface 565. Accordingly, the outer tubular portion 560 includes a circular, flat outer 
end surface 566 rather than the suinular end surface 66 of the first embodiment. 
[00101] In this embodiment, the adhesive and/or the rubber plugs mentioned in 
reference to the previous embodiments can be eliminated due to the configuration of 
the blind bore 564, In other words, the blind bore 564 eliminates the need to seal air 
leakage within the tubular reinforcement members. Of course, it will be apparent to 
those skilled in the art from this disclosure that the teachings of this fifth embodimerit 
could be used in conjunction with or applied to the second and third embodiments if 
needed and/or desired. 

[00102] Similar to the first embodiment, the outer half of each reinforcement . 
member 514 can be considered a first (outer) tubular spoke attachment portion, while 
the inner half of each reinforcement member 514 can be considered a second (inner) 
tubular spoke attachment portion. Accordingly, the outer and inner halves of each 
reinforcement member 514 together at least partially define a spoke receiving space 
(i.e., the blind bore 564) that is at least partially threaded. 
[00103] As used herein, directional terms such as "circumferentially, radially, 
axially, peripherally" as well as any other similar directional terms refer to those 
directions relative to a bicycle wheel designed to rotate about a center axis. 
Accordingly, these terms, as utilized to describe the present-invention should be 
interpreted relative to the bicycle wheel and center axis. 

[00104] The terms of degree such as "substantially", "about" and "approximately" 
as used herein mean a reasonable amount of deviation of the modified term such that 
the end result is not significantly changed. These terms should be coristrued as 
including a deviation of at least ± 5% of the modified term if this deviation would not 
negate the meaning of the word it modifies. 

[00105] While only selected embodiments have been chosen to illustrate the 
present invention, it will be apparent to those skilled in the art from this disclosure 
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that various changes and modifications can be made herein without departing from the 
scope of the invention as defined in die appended clainis. Furthermore, the foregoing 
descriptions of the embodiments according to the present invention are provided for 
illustration only, and not for the purpose of limiting the invention as defined by the 
appended claims and their equivalents. 
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